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DUAL FIELD METAL DETECTOR 



TECHNICAL FIELD OF THE INVENTION 

The present invention pertains in general to metal detectors, and in particular to 
a metal detector which has multiple detection fields. 



^^SS^TkM^" s«vi« under 37 CFR 
<S^5toSo«r tor P.t«rts. Wasmngton. 



BACKGROUND OF THE INVENTION 

Metal detectors are typically operated using a transmit coil and a receive coil 
within a single coil assembly. However, the transmit and receive coils can be spatially 
separated into two different coil assemblies or boxes. In the metal detector industry, this 
arrangement is commonly referred to as a two-box coil system. An example of a two- 
box system is shown in Design Patent D274,704 which is assigned to Garrett 
Electronics, The two-box coil system is very effective in detecting large, deep targets 
because the coil arrangement utilized by the two-box system results in a detection field 
much larger than the individual fields of the two coils which constitute the two-box 
system. However, as a result of this large detection field it is very difficult to locate the 
target with precision. Therefore, it is a common practice to operate the two-box 
detector in conjunction with an additional detector having a standard search coil which 
has a much more limited detection field. In this practice, the two-box detector is used 
for the primary searching of an area and once the two-box detector has approximately 
located a target, a second detector with a standard search coil is utilized to locate the 
target with more precision. This practice has the disadvantage of requiring the use of 
multiple metal detectors. 



SUMMARY OF THE INVENTION 

A selected embodiment of the present invention is a dual field metal detector 
which includes a transmit coil and a first receive coil that is positioned offset fi-om the 
transmit coil such that the first receive coil does not overlap the transmit coil. The 
transmit coil and the first receive coil define a first detection field. A second receive coil 
is positioned such that it at least partially overlaps the transmit coil. The transmit coil 
and the second receive coil define a second detection field which is smaUer than the first 
detection field and is substantially encompassed within the first detection field. A frame 
supports the transmit and receive coUs. A metal detector circuit is connected to the 
transmit and receive coils for detecting the presence of metal objects in the detection 
fields. 

A fiirther aspect of the present invention is a dual field metal detector which has 
two transmit coils and one receive coil and likewise produces first and second detection 
fields. 

In use, the operator can scan a large area quickly by use of the large first 
detection field. When an object is detected, the operator can switch to the narrow 
second detection field to more precisely locate the object. 



BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present invention and the advantages 
thereof, reference is now made to the following detmled description taken in conjunction 
with the accompanying drawings in which: 

Figure 1 is a perspective view of a preferred embodiment of a hand-held metal 
detector in accordance with the present invention, 

Figure 2 is a partial sectional, elevation view of detector 10 illustrating a single 
transmit coil and two receive coils as shown in Figure 1, 

Figures 3 A and 3B illustrate respectively the first and second detection fields 
generated by a first embodiment of the dual field detector of the present invention, 

Figures 4A and 4B illustrate a second embodiment of the present invention 
which has two transmit coils and one receive coil and these Figures show the detection 
fields produced by this configuration. 

Figure 5 is a block diagram for the electronic circuits for the detector 10 shown 
in Figure 1 in which there are two detection channels, and 

Figure 6 is a block diagram for an alternate electronic configuration having a 
single detection channel and a switch for selecting the desired detection field. 
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DETAILED DESCMPTION 

Referring to Figures 1 and 2, there is illustrated a hand-held metal detector 10 in 
accordance with the present invention which is designed to search for metal objects that 
are generally out of sight and buried beneath the surface of the earth. The detector 10 
5 includes a stem 1 1, a hand grip 12 and a housing 14 which includes metal detection 

circuitry. The stem 1 1 is a frame for the detector 10. The detector 10 further includes 
rectangular search heads 16 and 18. Transmit and receive coils in head 16 are 
connected via a cable 20 to the electronics housing 14. A receive coil in head 18 is 
connected via cable 22 to the housing 14. The cables can optionally be positioned 

10 within the stem 1 1 . The detector 10 includes an arm rest 26 and a battery pack 30. 

The search head 16 is perpendicular to the search head 18. In use, the search 
head 16 is positioned parallel to the surface of the groxond. 

Search head 16 includes a rectangular transmit coil 32 and an eUiptical receive 
coil 34. Search head 18 has only a rectangular receive coil 36. 

15 In the preferred embodiment of the present invention the rectangular transmit 

coil 32 and rectangular first receive coil 36 have dimensions of 1 1 by 15 inches and the 
elliptical second receive coil 34 has dimensions of 8 by 10 inches. However, these coils 
may also be circular. 

Transmit coil 32 and receive coils 34 and 36, shown in Figure 1, are illustrated in 

20 fiirther detail in the coil configuration shown in Figure 2. The receive coil 34 is coaxial 
and coplanar with the transmit coil 32. The first receive coil 36 is offset from the 
transmit coil 32 so that there is no overlap. Overlap in this sense means that no part of 
the first receive coil 36 is located above, below or within the transmit coil 32. The 
second receive coil 34, however, does overlap the transmit coil 32. The positioning of 

25 the receive coil 36 offset from the transmit coil 32 produces a relatively broad detection 
field, as fiirther described in reference to Figure 3 A. A preferred spacing between the 
center of head 16 and the center of head 18 is 36 inches. As shown in Figure 2, the 
distance between transmit coil 32 and receive coil 34 is substantially less than the 
distance between transmit coil 32 and receive coil 36. Transmit coil 32 may be either 

30 co-planar with the receive coil 34 or offset. The offset may be lateral or vertical. 
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Each of the receive coils 34 and 36 is inductively balanced with the transmit coil 
32. As a result, when the transmit coil 32 is activated by an alternating signal, there is 
essentially no output signal produced from the receive coils when there is no target 
within the detection fields. However, when a conductive or inductive target is located 
5 within the detection fields, the coil coupling is unbalanced and a signal is produced in 
one or both of the receive coils. 

The detection fields produced by the metal detector 10 shown in Figures 1 and 2 
are illustrated in Figures 3 A and 3B. When the transmit coil 32 is used in conjunction 
with the laterally offset nonoverlapping receive coil 36, there is produced a broad 

10 detection field as shown in Figure 3A. This broad field has essentially the same length 
as the overall metal detector 10. The depth of penetration into the earth of the field is 
somewhat proportional to the length of the field. The width of the detection field is 
somewhat greater than the width of the corresponding transmit and receive coils. 
Therefore, a substantially broad detection field is produced by the combination of coils 

15 32 and 36. When a metal object is encountered within the broad detection field, and this 
object alters the coupling of the coils, a signal is produced in the receive coil 36 
indicating that the object is located somewhere within the broad detection field. 

When the transmit coil 32 is used in conjunction with the nearby, overlapping 
receive coil 34, a narrow detection field is produced as shown in Figure 3B, The much 

20 narrower field is produced as a result of the close proximity of the coils 32 and 34. An 
output signal will be produced in the receive coil 34 when a metal object is located 
within the narrow detection field and the object causes an alteration of the coupling 
between coils 32 and 34. 

The narrow detection field is substantially encompassed by the broad detection 

25 field and is located at one end of the broad detection field. 

In operation, an operator performs a broad search using the transmit coil 32 in 
conjunction with the receive coil 36 to produce the broad detection field, as shown in 
Figure 3 A. This allows the operator to quickly cover a large search area and increases 
the probability that an object will be detected and not missed, as could happen with a 

30 narrow detection field. When the operator receives an indication that an object has been 
detected in the broad detection field, the operator can then switch the detector 10 to the 



narrow detection field which uses only the transmit coil 32 in conjunction with the 
receive coil 34. The operator will know that the object previously detected is 
somewhere withm the broad detection field. The operator can then scan by use of coils 
32 and 34 in the search head 16, with its narrow detection field, back and forth to cover 
the area indicated by the broad detection field, and when the object is encountered, 
which produces an output signal to the operator, the operator will know a more specific 
area location for the detected object. The operator can then excavate the detected 
object with much less effort than would be required for physically searching for the 
object within the broad detection field. 

A fiarther embodiment of the present invention is a metal detector 40 as 
illustrated in Figures 4A and 4B. The detector 40 is substantially the same as the 
detector 10 described in reference to Figure 1, but instead has two transmit coUs and 
one receive coil. SimUar elements m detector 40 are described witii common reference 
numerals witii those of detector 10. The detector 40 has search heads 16 and 18. The 
search head 16 includes a transmit coil 42 and a receive coil 44. It fiirther includes a 
search head 18 which has a ttansmit coil 46. As shown in Figure 4A, the combination of 
the transmit coil 46 together with the receive coil 44 produces a broad detection field 
which is essentially the same size and configuration of the broad detection field 
produced for the metal detector 10 illustrated in Figure 3 A. As shown in Figure 4B, the 
combination of the transmit coil 42 and receive coil 44 produces a narrow detection field 
which has essentially the same configuration as the narrow detection field shown in 
Figure 3B for the detector 10. The dimensions and configuration of the detector 40 are 
essentially the same as that for the detector 10. The detector 40 coils which are in the 
same locations as in detector 10 have the same sizes and configurations. 

The present invention as shown in Figure 1 can be implemented by the use of 
circuitry to concurrently detect the received signals in the receive coils 34 and 36 
(Figure 5) or to alternately detect the received signals in tiie coils 34 and 36 (Figure 6). 

Referring to Figure 5, tiie first receive coil 36 is connected to a first detector 
circuit 100, the output of which is provided through a line 104 to a multiplexer 106. 
The output from second receive coil 34 is provided through a second detector circuit 
102 and then tiirough a line 108 to the multiplexer 106. The selected input from either 
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line 104 or 108 is provided through line 110 to an analog-to-digital converter 1 12. The 
output from converter 112 is transmitted through a Une 114 to a digital signal processor 
1 16. The signals produced by the processor 1 16 are then provided to a microprocessor 
120 which produces a signal through a line 124 for driving an audio circuit 122, 
produces a display signal through a line 130 to a liquid crystal display 132 and is 
interconnected through a Une 126 to a keypad 134. The details of electronic circuitry to 
provide the processing of signals for detecting a metal object is fiirther described in 
appUcation Serial Number 08/541,034 entitled "Metal Detector for Identifying Target 
Electrical Characteristics, Depth and Size" which was filed on October 6, 1995. This 
application is incorporated herein by reference. 

As shown in Figure 5, the multiplexer 106 can operate at such a speed that the 
receive coils 34 and 36 are effectively being used at the same time and the operator can 
view one or the other of the response signals, or both signals at one time if a display is 
provided to do so. 

Referring now to Figure 6, like reference numerals are used to refer to similar 
items as described in Figure 5. The receive coils 34 and 36 are used alternately by 
means of a switch 150, which is manipulated by the operator. The output of the switch 
150 is provided to a detector circuit 152 and the remainder of the signal processing is 
performed as previously described and as shown in the incorporated reference. 

For the detector 40 shown in Figures 4A and 4B, the receive coil 44 can be 
connected directly to the detector circuit 152 as shown in Figure 6. The transmit coils 
46 and 42 are activated one at a time to produce the broad and narrow detection fields, 
respectively. 

Each of the embodiments described herein for a metal detector can determine the 
target size and depth by implementing and using the circuitry and procedures described 
in the above-referenced serial number 08/541,034, which has been incorporated herein 
by reference. 

The embodiments described for the present invention are inductively balanced 
metal detectors, but the present invention can also be used with a pulse metal detector 
circuit as well. 
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Although multiple embodiments of the invention have been illustrated in the 
accompanying drawings and described in the foregoing Detailed Description, it will be 
understood that the invention is not limited to the embodiments disclosed, but is capable 
of numerous rearrangements, modifications and substitutions without departing from the 
scope of the invention. 
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WHAT WE CLAIM IS: 

L A dual field metal detector, comprising: 
a transmit coil, 

a first receive coil positioned offset fi-om said transmit coil such that said first 
receive coil does not overlap sdd transmit coil, wherein said transmit coil and said first 
receive coil define a first detection field, 

a second receive coil positioned such that said second receive coil at least 
partially overlaps said transmit coil, wherein said transmit coil and said second receive 
coil define a second detection field which is smaller than said first detection field and is 
substantially encompassed within said first detection field, 

a fi-ame supporting said transmit and said receive coils, and 

a metal detector circuit connected to said transmit and said receive coils for 
detecting the presence of metal objects in said detection fields. 

2. A dual field metal detector as recited in Claim I wherein said first 
detection field is elongate, said second detection field is positioned substantially at one 
end of said first detection field. 

3. A dual field metal detector as recited in Claim 1 wherein said first receive coil 
is positioned perpendicular to said second receive coil. 

4. A dual field metal detector as recited in Claim 1 wherein said transmit coil is 
perpendicular to said first receive coil. 

5. A dual field metal detector as recited in Claim 1 wherein said transmit coil 
and said second receive coil are coplanar and coaxial. 

6. A dual field metal detector as recited in Claim 1 wherein said transmit coil 
and said first receive coil are rectangular. 
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7. A dual field metal detector as recited in Claim 1 wherein said second receive 
coil is elliptical. 

8. A dual field metal detector as recited in Claim 1 wherein said metal detector 
circuit has two signal processing channels which are respectively connected to receive 
signals fi-om said first and second receive coils. 

9. A dual field metal detector as recited in Claim 1 wherein said metal detector 
circuit has one signal processing channel and fiirther includes a switch for selectively 
coupling said signal processing channel to either said first receive coil or said second 
receive coil. 

10. A dual field metal detector as recited in Claim 1 wherein said metal detector 
circuit includes circuitry for detecting the size and depth of a one of said metal objects. 
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1 L A dual field metal detector, comprising: 
a receive coil, 

a first transmit coil positioned offset firom said receive coil such that said first 
transmit coil does not overlap said receive coil, wherein said receive coil and said first 
transmit coil define a first detection field, 

a second transmit coil positioned such that said second transmit coil at least 
partially overlaps said receive coil, wherein said receive coil and said second transmit 
coil define a second detection field which is smaller than said first detection field and is 
substantially encompassed vdthin said first detection field, 

a fi-ame supporting said receive and said transmit coils, and 

a metal detector circuit connected to said receive and said transmit coils for 
detecting the presence of metal objects in said detection fields. 

12. A dual field metal detector as recited in Claim 1 1 wherein said first 
detection field is elongate, said second detection field is positioned substantially at one 
end of said first detection field. 

13 . A dual field metal detector as recited in Claim 1 1 wherein said first transmit 
coil is positioned perpendicular to said second transmit coil. 

14. A dual field metal detector as recited in Claim 1 1 wherein said receive coil 
is perpendicular to said first transmit coil 

15. A dual field metal detector as recited in Claim 1 1 wherein said receive coil 
and said second transmit coil are coplanar and coaxial 

16. A dual field metal detector as recited in Claim 1 1 wherein said receive coil 
and said first transmit coils are rectangular. 
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17. A dual field metal detector as recited in Claim 1 1 wherein said second 
transmit coil is elliptical. 

18. A dual field metal detector as recited in Claim 1 1 wherein said metal 
detector circuit includes circuitry for detecting the size and depth of a one of said metal 
objects. 
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DUAL FIELD METAL DETECTOR 



ABSTRACT 

A metal detector has multiple transmit and receive coils for producing multiple 
detection fields. In one embodiment, a transmit coil is combined with two receive coils 
in a configuration that enables the detector to generate two detection fields, one being 

5 substantially narrower than the other. The transmit coil is inductively balanced with the 
receive coils such that the transmit coil induces mmimum signals in each of the two 
receive coils. A metal target lying within a detection field changes the coupling between 
transmit and receive coils and produces signals in the receive coils. The received signals 
are utilized to identify the target's presence within one or both of the detection fields. 

10 The use of two detection fields, substantially different in size, enables the metal detector 
to search over a broad area for object detection and then narrow the search to more 
precisely locate the detected object, A fiirther embodiment has two transmit coils and 
one receive coil and likewise produces a broad and a narrow detection field. 
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T>T^rT.A1^ATfON ANn POWER OF ATTORNEY 

As the below-named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name; 

I believe that I am the original, first and sole inventor of the subject matter which is 
claimed and for which a United States patent is sought on the invention or discovery entitled 

DUAL FIELD METAL DETECTOR 
the specification of which is attached hereto; 

I have reviewed and understand the contents of the above-identified specification, 

including the claims; and 

I acknowledge the duty to disclose to the Patent and Trademark OfBce all information 
known to me which is material to patentability as defined in 37 C.F.R. § 1.56. 
I hereby appoint: 

V. Bryan Medlock, Jr., Reg. No. 22,047 

Garland P. Andrews, Reg. No. 24,153 

Charles S. Cotropia, Reg. No. 27,189 

James P. Bradley, Reg. No. 27,537 

Dale B. Nkon, Reg. No. 28,454 

William R. Gustavson, Reg. No. 29,160 

David L. Hitchcock, Reg. No. 30,067 

Roger N. Chauza, Reg. No. 29,753 

Eugenia S. Hansen, Reg. No. 31,966 

James W. WilUams, Reg. No. 20,047 

Elisabeth A. Evert, Reg. No. 34,156 
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all of the firm of Sidley & Austin, my attorneys with M power of substitution and revocation, to 
prosecute this application and to transact all business in the United States Patent and Trademark 
OflSce connected therewith. 
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4500 Renaissance Tower 



1201 Elm Street 
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Attorney Docket No. : 



Dallas, Texas 75270-2197 
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I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willfiil false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code, and that such willfiil false statements may jeopardize the validity of the application or any 
patent issuing thereon. 

Full name of sole inventor: 

Brent Charles Weaver 

First Middle Last 



Inventor's signature: Si 
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Residence: 517 Chippendale Drive 

Heath. Rockwall County. Texas 75087 



Citizenship: 
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